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NILlTARY SPECIFICATION

CERAMIC
CAPACITORS, CHIP, SINGLI LAYER, FIXED, PARALLEL PLATE,
DIELECTRIC, ESTABLISHED RELIABILITY, GENERAL SPECIF1CATION FOR

This spectfication is approved for use by all Departments and Agencies
of the Department of Defense.

1. SCOPE

1.1 >=. This speclfication covers established reliabil{ty, ceramic plate, single layer,
capacitors. These capacitors are intended for stripline or microstrip applIcations, usually at
frequencies of 1 GHz and higher. Capacitors covered by this specification have failure rate Icvels
ranging from 1.0 to 0.001 percent per 1,000 hours. These failure rate levels are established at a
Kf-percent confidence level and maintained at a IO-percent producer’s risk. They are based on 1ife
tests performed at maximum rated voltage at maximum rated temperature. An acceleration factor of 8:1
has been used to relate 1ife test data obtained at 200 percent of rated voltage at maximum rated
temperature, to rated voltage at rated temperature.

1.2 Classification.

1.2.1 Militarypart number. Capacitorss.pecified herein (see 3.1) shall be fdenttfled by a
milftary part number tiich shall consist of the basic nmber of the ❑ilitary specification sheet
followed by a series of coded characters. Each military specification sheet covers a different
capacitor style. The coded number shal1 provide information concerning the capacitor’$ temperature
coefficient, slash sheet number, case code, dash number, capacitance toleraxe and termination
material. The mi1itary part number shall be in tk following form as indicated:

U49464
~ f ~ ~ ~ ~ ~

Killtary Temperature ~ash sheet! =; 2k;h2n~rr Capacitance Tenninatlon

p

specification coefficient number . . . . tolerance finish
rmmbsr “-**. II 7 1 l),,,!,!........... (1.2.1.4) (1.2.1.5)

1.2.1.1 Temperature coefficient limits. Tk rated temperature and temperature coefficient llmits
are identif~ed by a single letter. The rated temperature of these parts is -55 C to ’125 C; the

I letter indicates the temperature coefficient Iimits as shotm 1n table 1.

TABLE 1. TemPerature coefficient 1imits.

1 I I I I I r
Symbol Pm t“c I Class I Symbol ppd”c 1 Class I

I I
E +90 *3O IIAI P
F o *I5

-1~0 +500 I lB I
I 1A -2200 ●600 I I

G o *30 llAi : ! -3300 *10I3O I
H

i: I
*60 IIAI u

J -iE *60 IIBI
-3900 *1OOO I lC I

v
I K -220 *6O

-4700 ●lljLYJ lC I
Iml u -5600 *1000 lC I

L -333 4150 IIBI x *IS%
/

121
M -470 *150 IIBI Y I *25%
N -750 *251J ~lal z +22 -82% ; :~/1

I / 1“

1/ Temperature coefficient measured between ●lO-C and +85’C.

1 1-
lBeneficial Comnents (recc+mnendations,additions, deletions) and any pertinent data which may be of I
Iuse in improving this document should be addressed to: Cmmnander, US Army Laboratory Ccnmand,
\~~TN: SLCET-R-S, Fort tiomnouth,NJ 07703-5302 by using the self addressed StandardizationDocument I

provement proposai (OD Form 1426) appearing at the end of this document or by letter.
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MIL-C-49464

1.2.1.2 Case code. The case.code is identifiedby a single letter (See 3.1)..—

1.2.1.3 Oash n~ber. The dash number shall represent a specific capacitance value, voltage and
failure rat?~e table II and 3.1). *

TABLE 11. Failure rate leVel (establishedat 90 Percent Confidence).

~

I I [2 per 1,004hours) I

1
M I

:::
I

/ [ I 0.01 /
s I 0.001

1.2.1.4 Capacitance tolerance. The capacitancetolerance is identified by a single letter as shoam
in table III.

TAELE III. CaP*ciWce tolerance.

i symbol I Capacitancetolera~e I

1P ●.01pF 1
1A *.05 PF
IB ●.1o PF I
It ~.25 PP
10 *.50 pF !

IF ● 1 percent I
1: * 2 percent

* 5 petxent
;K i

I
● 10 percent I

ii 1 i 20 percent ,
Iv -O ●1OO percent 1
Iz I -20 ●W pelwnt I

&2i~53 T~~{natfon ffnfsh. The nickel-gold termination finish is identifiedby tha single lettar

2. APPLICABLE 00CIMNTS

2.1 ~wma=ent dommta.

2.1.1 ~ ecificatlona and standards. The follcufng specification and standards form a part of this
specfffcat on to the ●xtmt spacif1edhsrefn.Unlessothedsespecified,theissuesofthese
documentsshal1 be those 1istealin the issue of the Oepartaent of Defense Index of Specificationsand
Standards and supplement thereto. cited In the solicitation.

sPECIFICATMMIS

FEOEAAL

QQ.S.571 - Solder. Tin Alloy, Tin-Lead A11oY, and Leed Alley.

141LITJ\RY

MIL-C-3W28 - ~pJCitCIFS, Packagiw of.
MIL-C-49U+1 - Capacitors, Chip, Single Leyer, Fixed UneKSPSulat.ed.cer~fc Ojelwtric.

Established Reliablliv, Style CPCRO1 (High Frequency).

2
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141L-C-49464

o STANDARDS

MILITARY

MIL-STD-105 - Sampltng Procedures and Tables for Inspection by Attributes.
MIL-STD-202 - Test Methods for Electronic and Electrical Component Parts.
MIL-STD-64W - Failure Rate SW1 ing Plans and Procedures.
141L-STO-79D - Reliabillty Assurance Program for Electmnfc Parts Specifications.
!IIL-STD-81O - Environmental Test Methods.
141L-STD-883 - Test 14ethodsand Procedures for 14icroelectmnics.

(Copies of the sPecificatjOnsand standa~s nquimd by contractors in connection with spetific
acquisition functions should be obtained from the contracting activity or as directad by the
contracting activity.)

2.2 Order of precedence. In the event of a conf1Ict between the text of this specificationand the
references cited herein (except for associated detail specifications.specification sheets or MS
standards), the text of this specificationshell take precedence. Nothing in thfs specfficatfon,
however, shall supersede applicable laws and regulations unless a specific exemption has been obtained.

3. RE@IREt4ENTS

3.1 ~ecf ffcation sheets. The individual item requjmments shall be as specified herein and in
accordance with the applicable speclficatlon sheets. In the event of my conf1Ictbetween
requirements of this specificationand the specificationsheet.th latter shall govern.

I
t

I a“thorf-alifyi.g activity for ItSting on the applicable qualifiedproducts list et the
3.2 ualification. Capacitors furnished under this specificationshall be products which are

time set for opening of bids (see 4.4 and 6.31.

Reliabi1ity of capdcitors furnished under thjs specificatfon shal1 be establ1shed
a~”~i%%%i?~ccordance with the prbced.res and requirementsspecffied fn 141L-STO-790and
141L.STD.6SU with details specified in 4.1.1, 4.4.4, and 4.5.

p
3.4 Materials. Materials shall be as specified herein. However, when a deffnite material is not

specified, a material shall M used which will ●nable the capacitors to meet the pem-omance
raquiremnts of this specification. Acceptance or approval of any constituentMterial shsl1 not bs
construed as a guaranty of the ecceptaxe of the finished product.

3.5 Design and construction. Capacitors shall be of the design, construction,and phys~cal
dimensions specified (see 3.IT.

s~~!i~ed%k’%%%$:1).
The body shall be a sfnqle cersmic plate uhfch shall meet the requirements

3.5.2 Terminations. The terminations shall ba a minimum of 50 micro{richesof gold over a suitable
barrier base metal.

3.6 Voltage conditioniq. Uhen testad es specified in 4.7.2. capacitors shall meet the
requirements of 3.6.1 through 3.6.5 inclusfve.

3.6.1 Insulation resistance. Insulationresistance●t 125-C shall b+!as sped fied In 3.9.

3.6.2 Capacitance. Capacitate at 25-C shall be as specified in 3.7.

3
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3.6.3 Dfs$ipdtion factor. Dissipation factor at 25°C shall be as specified in 3.8.

3,6.4 ~lsulation resfstacce. Insulation resistanceat 25°C shall be as specified in 3.9.

3.6.5 ~ielectric withstanding voltage. Dielectric withstanding voltage at 25°C shall be as
specified III3.10.

3.7 Ca acitance. Uhen measured as sPecfffed in 4.7.3, the capacitance shall be within the
dapplica e~e specified, see 3.1.

3.8 Dissipation factor. Uhen measured as specified in 4.1.4,the dissipation factor for capacitors
of 4.7 T or greater shafl not exceed:

.15pement for class1A characteristics

.25percentfor classlB characteristics
1.5 percentfor classlC charactersties
2.5 percentfor class2 characteristics
4.0 percentfor class3 ch.sracterlsties

3.9 Insulationresistance. Iihenmeasured as specified in 4.7.5, tha insulation twsistence at 25°C
shal1 k—not less than:

106 m~gohms for classes 1A, lB, and lC
105 ~,:goms for classes 2 and 3

At 125°C it shall be not less than:

3.10 Dielectric withstmding voltage. When capacitors are tested as specified fn 4.7.6, there
shal1 be-tinevidence of breakdwn or vfsible ●violenceof arcing or dsmsge.

Capacitors shall be tested as specified in 4.7.8, ●xcept Sn62 solder, fn
e~~~a$-$1, shall be used in lie. of Sn54. The {mersed mstellized surface shel1 be 95
Penan: ....!.. .,.,,. ect!! :0:4:? ce::!~. The -,4 “4““ S “au-.”. ,,4t~ s~fi~~~ m.. ,-””+,{“
sgell pinholes or rough cpots; however, these shall’~;’&’’~o!s&t~;t;d-in one area.

.... -------

●
3.12 Bond stren th.

-d
Nhen tested as specified in 4.7.9, bond strmgth shell be at least 3.0 grams

force, an t re s a 1 be no fracturing of the bond at the wira to electrode interface or separation
of the electrode frocm the dielactrlc.

3.13 [lieshear strength. Uhen tested as specified in 4.7.IO, parts shall nat she.zrfrcm thalr
mountingk within the gram forte 1imits specffied.

3.14 :~eaperaturecoefficient limits. Wsen capacitors are tested as specified in 4.7.11, the
capacitmce change shall not exceed the applicable limits specified in table 1.

NOTE: For n$ ative temperaturecharacteristicsP, R,
+25-C to .55? shall be calculated eccxr.dingto tha foruule:

T, U, V, and U, the negative tolfrafwe fran
Negatfve tolerance fPpm/ C) . -36 -

11.22:1 specified positive tolerance) ‘ (0.22 x nc+minalteWrature coafficlent).

3.15 rhannalShOCk and l!saersion.when tested es specified in 4.7.12, capacitors shall resetthe
following requiremants of 3.15.1 ttiroush3.15.5 inclusive.

3.15.1 Visual inspection. There shall be no ~han{cal damage.

3.15.2 Dielectric withstanding voltage. Oielectrlcwithstanding voltage shall ba as specified in
3.10.

3.15.3 Insulation resistance. Insulation resistanceat 25-C shall ba not less than 30 percent of
the initiaT requirement [SW 3.9).

I

I
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3.15.4Capacftencechange.

a. Class 1A and 18 characteristics shall change not more than 0.5 pement of the nceninalvalue or
0.5 pF, whichever is greater, from the initial measured value.

b. Class lC, 2, and 3 shall change not more than *1O percent fmn the initial measured value.

3.15.5 Dfssfpation factor, Dissipation factor shall be as specified in 3.8.

3.16 Resistance to soldering heat. When tested as spacified in 4.7.13, capacitors shall ❑eet the
following requirements of 3.16.1 and 3.16.2.

3.16.1 Visual inspection. There shall be no evidence of mechanical damage.

3.16.2 Capacitance chanm.

a. Classes 1A and 18 characteristicsshall change not more than O.5 percent of the nominal value
or 0.5 pF, whichever Is gtwter, frcm the inittal measured Velue.

b. Classes lC, 2, and 3 ehall change not more than ●1O percent frnmtlss initial maaawad value.

3.17 Low voltage humidit~. Uhen tested as specified in 4.7.14, CapaCitOFs shall meet the following
requirements of 3.17.1 through 3.17.4 incluslve.

3.17.1 Visualinspection.There shall be no mechanical damage.

I 3.17.2 Dielectric withstanding voltage.
3.10.

Oielactricwithstanding voltige shall be as specified in

3.17.3 Insulation rasistmce. Insulation resistance at 25°C shell be not less than 30 percent of
initial requirement Isee 3.91.

3.17.4 Capacitance change.

P

a. Classes 1A and lB characteristics shall change not more than 0.5 perCent of th4 nOMinal.value
or 0.5 N, fiichever is greater, frca the inittal oaasureo vaiue.

b. Classes lC, 2, and 3 shall change not more than ●1O percent frcm the initialmaasurad value.

3.18 Life (at 125-C]. when tested as specified in 4.7.15, cepacitora shall meet tha following
requil-alcentsof 3.18.1 through 3.16.4 incIusfve.

3.18.1 Visual inspection. Thare shall be no sachanfcal damage.

I
3.18.2 Insulation resistame. Insulation resl$tance at .25°Cand i25°C shall be not less than 30

percent of fnitial requirement.

3.18.3 Capacft.mce change.

a. Classes 1A and 18 charactaristlcs shall change not more than 2.0 pement of ths nmninal value
or 0.5 PF, whichever is greater, frca the initial -asurad V41UC.

b. Classes lC, 2, and 3 shall change not more than ●1O percent fmm the initial measured value.

3.18.4 Dissipation factor. Oissipation factor shall be as specified in 3.8.

3.19 Fun us. Tha manufacturer shall certify that all materials are fungus rwistant or shall
perfosm+st spacifiad ,.4.7.16. Nl!.sncapacitors ●re testad as apacificd in 4.7.16, inspection
shal1 not dfSCIose ●vidence of fungus growth or damage.

3.20 14arkin9[all stYles). Thare shal1 be no marking on tha capacitera. CaPaCitor Packagin9
containers shal1 be ❑arked with tha part ntir. capacftance, capacitance tolerance, voltage, ‘JAN’
brand, and the Commercial and Goverment Entity (CAG5) coda.

5
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3.20.1 JAN and J markin
-T-i-f-=

The United States Government has adopted, and is exePCfsing legitimate
control over t e cert lCatiOn marks “JAN”’and “J”, respectively, to indicate that item so marked or
identified ars manufaCtumd tO. and met aII the requirementsof milftwy specfffcatlons.
Accordingly, items acquired to. an? meet:n9 all of the cr~teria specified herein and in applicable
specificationsshal1 bear the certlficatlOn Nrk “JAN” except that items too smal1 to bear the ●
certificationmark.“JAN” shal1 bear the letter “J”. The “JAN” or “J” shall be placed irr!ediately
before the part number axCePt thatuff ~uch ~o~at{on uOuld place a hanfship on the mmufacturer in
connection with such marking, the J~ or J M.SYbe l~ated on the first 1ine above or below the
part number. Items furnished under contracts or orders which either pemit or requira deviation frcxn
the conditirm or requirements specified herein or in applicable specificationsshall not bear “JAN”
or “J”. In the event an item falls to wet the Rquf-nts of this specfffcatfonand the applicable
specification sheets or associated detatl SpeCifiCatiOnSi the ManUfaCtUW shall rerove the “JAN” or
the “J” from the sa le tested and also from all items ~present.edby the sample. The “JANm or “J”

Tcertificationmark s al1 not be used on products acquired to contractor drawings or specifications.
The United States Government has obtained CertiffCate of RegiStration No. 504,860 for the
certificationmark “JAN”.

~.21 uo;kmans~ip. Capacitors shal1 be so processed that when inspectedunder 20X to 40X
ma nificat on, t ey shall be unfforfnin quality and shall be free from pits, cracks, rough edges,
ad ered foreign material and other defects which will affect life or serviceability. The capacitors
shall ●xhib,itno demtallization (1ift-off, blisters, or roll back) or voids or scratches on the
electrodes which expose the dielectric over Mre than 5 peswnt of the area.

4. OUALITY ASSURANCE PROVISIONS

4.1 gmnsibility for inspection. Unless otherwi:e specified in the contract or purchase order,
the contractor fs responsi3?e for the perfmnsnce of all inspection requi=nts as specified herein.
Except as otherwise specified in the contract or purchase order, the contractormay use his own or any
other facilities suitable for the perfor?smce of the inspection requiremant$specifted herein, unless
disapprove!iby tha Gowermnsnt. Tha Govemsnent reserves the right to perfo!m any of the inspections
set forth fn the specificationwhere such inspectionsare deemed necessary to assurs supplles and
services conform to prescribed require!nants.

4.1.1 Responsibility for compliance. Al1 items must meet all requirementsof sections 3 and 5.
The inspa~t!on set rortn in this spff ication shsl1 become a part of the contractor’s overal1
inspection system or quality program. The abse~e of any inspection raquimm?nts in ths speciricatio.
shal1 not r’elIeve the contractor of the resp+msibi1ity of as$uriw that ●11 products or SUPP1ies
submitted to the Government for acceptanceccmply with al1 requirementsof the contract. Sampling i n ●
aual i ty COnfOmence does nOt authorfZe submission of known defectivemsterial, ●ither indicated or
actual-,nor does it cumnlt ths Government to acceptanceof defectivemsterial.

4.1.2 ~eliability assurance program. A reliability assuranceprogram shall be established and
maintained in accordance with MIL-STO-7W. Evidence of such c~liances shall be veriffed by the
qualifyingactivity of this specificationas a prerequisite for Wal ificatfon and continued
qualification.

4.2 ~lissificatfon of inspections. The inspectionsspecified herein are classified as follows:

a. Qualiftcaton inspection (see 4.4).

b. Wrification of qualification (see 4.5).

c. oualiw confoms~e inspection (see 4.6).

4.3 Inspection conditiens.

4.3.1 Inspaction conditions. Unless otherwise specified Iserain,all inspections shall be perfofmsd
in accorda~e with the teSt conditions specified in the WNEAAL REQuIREC4ENTS”of MIL-STO-Z!32.

4.3.2 Method..—

4.3.2.1 Reference measurements. Uhen requireasnts are based on ccmparative nseasuremsntsmade
befor$ and after condltioning, tfieraferance measurement shal1 be considered the 1ast measurement msde
at 25 C prior to conditioning. Unless refe~~s maasuremsnts have been made within 30 days priOr to
the beginning of conditioning, they shal1 be repeated.
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. The pwer supply used for life tasting shell have a Pagulation of *2 percent
or’’i;~ o$$able a@ied test voltage. The p-r supply used for insulation resistance
measurements shall be stabilized to at least *1OO Pa~S per million. V01ta9e fluctuationsshall not
occur during metsu=nts that ~u~d prOduce e v*r~atiOn in the current measurement.

4.4 @Jalffication inspection. OualffiC~tfOn inspection shall be pefiOt’medat a laboratory
acceptabletotheGoVern~nt,on$amPleUnitsp?OdUCadwithequipmsntandprocedures nomoallY used in
production.

4.4.1 Sample sfze. The fIuRtW of Smple units COIr@risfnga sample of capacitors,to be Wbm{tted
for qualfTication fispectton shall be as specified in tdble IV. The ssmple shall be taken freana
production run and shall be produced with equipment and procedures no!mally used in production. Each
seperate class shall be qualffled separately e.g.. 1A, lB, eti.

4.4.2 Test routine. Sample units shall be subjasted ta the WalifiCatiOn inSPectfOn spasifted in
cable IV, in the ordar shown. All sample unfts shall be subjected to the group I tests. These s~le
units shall than be divided as shown in table IV for groups 11 W VI inclusive. and subjected to the
tests for their partiCU1ar group.

4,4.3 Failures. Fai1ures in excess of thosa al1owed in tsbla IV shal1 be cause for refusal to
grant qua~on approval.

4.4.4 Fallura rate (FR) qualiffcation and lot cOnformancGFA inSp.SCtfon. FR qualificationand lot
confomnence FR fnspaction shal1 be in accordance wfth the general ●nd datailed mqui rsmants of
HIL-STD-690 and the follwing details:

a.

b.

c.

Procedure 1: Oualificattonat the initial FR level. Level “)4”[1.0 percent) of Failura Rate
Ssmplfng Plan.9D (FRSP) shall IPply. Sample units Shal1 be subjacted to tha qualification
inspection speciffed in group I, table IV prfor to being testad as speclffed In group V, table
IV (see 4.4.2).

Procedure 1I: Es.tenSfOnof qualification to lowsr FR levels. To ●xtend qual{flcationto the
‘P” (0.1 parcemt). ‘R” [0.01 parecnt), snd ‘Sm (0.001 pament) FR levels, data frca two or
more voltages wfthfn a tamperatura coefficient limlt w be c~ined. For FR lesels “R” and
●$”, ?- qr mrp woltsgc ~rawra characteristics msy be ctiined.

Procedure 111: real ntenance of FR 1●vel qualificatfon. N.sfntenance pertod B of FRSP.1O shal1
apply. Regard es$ of the n-r of pmductf on 1ots produced during thfs perf4.3,the spaclfied
number of unit hours shall be acc-lated to msintafn qualification (sea 4.5f.). ‘

4.5 Verification of qualiffcatfon. Every 6 months the menufacturer shal1 c-f le a s-ry of tha
rasults of qualfty conformsnce inspectiortaand ●xtandad FR test data, fn tha fom of ● verificatfon of
qualification report, and fmsard ft to the qualifying●ctivity wfthtn 30 days after the end of the
raportfng perfod as the basis of contfnued qualfffcatfonappreval. In ●dditfon, the msnufacturar
shal1 f-dlatel y notffy the eual1fylng actfvfty *fSaWr the FR data indicatesthat”t~ ~nuf*ctu~r
has failed to maintain the qualffied FR level, or the group C inspection data fndic?tes fiflura of the
qualiffed product to meat the rsquiraaants of this spasfffcatfon. Contfnuation ahal1 be based on
evfdence that over the 6 month perfod tha follcsaing has bacn rest:

a.

b.

c.

d.

●.

f.

VerifIcatlon by the qualffying actlvfty that tha manufacturer meats the requiresents of
lfIL-STO-790.

The manufacturer haa not mssdffled tha desfgn of ths itm.

The sped fIcation rquimaents for the 1tea hava net boon uanded so aa to a.ffast the
character of the itsm.

Lot rajastion fOr group A or B fnspa.ctiondoes not excead 10 percent or ona 1ot,whichever is
greater.

The raqufmnsants of group C inspection ara mat.

The records of al1 tests c-f nad substantiatetha “W [1.0 percent) or ‘P- (0.1 pwcent] FR
1evel has been maintainad or that the ❑anufacturer contiwad to mat ths “R” (0.01 percent) or
●s. 10.001pe~ent] FR level for which qualified,although.the t0t31 CWOnCPt hOurs Of,
tasting does not, as yet, maet the requfmmants of 4.4.4c.
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If group C test Wuf rants were not met and the manufacturer has taken corractjve action
satt$facto~ tO the Gov@r-nt, the manufacturer shall submit a verificationof qualffication
report within 30 days after completion of the group C test{n$. 1“ thfs case, the qualifying
activity shall be nOtffiad within the time the original veri ication of qualificaiton report was
due. A’11reports shall be certified bY the responsible?cmnpany official. The qualffying activity ●
shall b{?contacted fOr a r@POrt fO~at.

4.5.1 Re(:ordS. Maintenance of 1ife test and FR level records shall be as specified in MIL.STO.690.——

4.6 Quality conformance inspection.—

4.6.1 tnspaction of product for delivery. Inspection of product for delivery shall consist of
groups A fid B inspections.

4.6.1.1 lnspactfon lot. An inspection lot shall consist of all capacitors of the sams voltage-
temperaturacharacter stic$, produced under essentiallY the same condittons with the same basic
materials, ●nd offered for inspecticm at one time. The capacitancevalues and volt.agesproduced shal1
be represented in the lot in approximately the ratio of production.

4.6.1.2 Group A inspection. Group A inspection shall consist of the inspection and tests spacffied
in table V ~n the order shcnan.

lan. Subgroup 1 tests (axcept insulationrasiSta~a at elevated temperature)
s~{!ti&f- c.pecftor offered for accaptanc.. If during the 100 parcmt i.specticmof
subgroup 1,,screening requires that over 8 percent of the capacitors be distarded, the entirs 1ot
shal1 be rtjected. Subgroup 1 conditioning shal1 not be repeated for the Purpos$ of retnspection.
StatistfcaH sampling and inspection for subgroup 1, insulationresistance at 125 [. and subgroup 2
shal1 bs in accordance wtth MIL-STO-1OS for general inspection1evel II. The acceptable ~al iw
levels (AQI.) and limiting quality (LCI)when Pa = 10 percent, shall be as specified in table V.
Major and minor defects shall be as deffned in !YIL-STO-1O5.

4.6.1.2.:1.1 Manufacturer’s production inspection. If the manufacturer performs tests equal to or
mare strinl~nt than those spacifled in $ubgmup 1, table V, as tha final step of ths pruductton
process, group A. subgroup 1 Inspectionmay be waived and the data resulting frcamthe manufacturer’s
production tests IMY be used instaad. Authority to waive the subgroup 1 inspectfon shal1 be granted
by the qualifying activity only. The following criteria shal1 ba met: “m

● ✎

b.

c.

d.

e.

f.

Tests conducted by the manufwturar during pruduction shal1 be cl●arly identical to or more -

strigent than that speclfied for subgroup 1. Test c,onditions shal1 be equal to or more
strigent than those spaclfied for subgroup 1 tests.

Manufacturer subjects 100 percent of the product SUPP1ted under this sped ficatlon to his
production tests.

The par~ters maasurad ●nd the fai1UIW critari● sbal1 M tba saaa or mcu’estringent than
those specifi●d harein.

The lot rejection criteria is tha ssms or mwt strigent than that speciffed herein.

Ths manufacturar shs.11mske ●vailtble al1 informationcofkceming ths t$?stpr’eteduresand
if!strmnsntationused fn his production tests hich art a substitutefor subgroup 1 tests.
This data shall ba provided ●s part of the evaluation required for i41L-Sl’O-7~. The
nwnufacturer shal1 also ❑ake avai1abl● to the Government al1 records of al1 detai1 test data
rs!$ulting frum production test. which s.rsa substitutefor subgroup 1 tasts.

Once approved. the manUfaCtWar shall not chmge the test prmadures or crl terla without prior
notiffcation and concurrence by the qus.1ifying activity.

4.6.1.2.2 Rejected lots. Lots rejected by the group A inspection shall bs segregated fcw new lots
and those 1ots that Aava passed inspection. Lots rejacted because of failuees jn subgrbup 2 NY be
offerad for acceptance only ff the manufacturar inspects al1 units in the 1ot for those quality
character sties found defacti ve in tha sarwl e and, af tar rsmvi ng al 1 def&ctive units found,
c&inspacts the lot using the tightened inspection prcmdurs of I4IL-STO-1O5. Resubmitted lots shall be
kept separa~ from naw lots, and shall be clearly i~ntifled *S nssukitted lots.

4.6.1.3” Group E inspection. Group B insp~tion still consist of tha tests specified {n table VI,
in ths order shown, and shalT bs perfonsed on swapl● units which have bean subjected to and have
passed the group A inspactlon.

8
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●
TABLE IV. Qua~ifiCatiOn inSP*ctfOn.

1 I 1 I r

inspection I Requirement

I 1 paragraph

I

I I

1 I

EWP..l
1
ivOltage c0nditionfn9
I Insulation resistance
I [125”C) 1/
I capacitance-~l
I Dissipation factor Al
I Insulation resistance 1/
] Dielectric withstandfn9-

voltage 1/
IVisual and --hanical
I inspection

I
@!!u

I
iSolderability
lBond strength
lDie shear strength
I

GrOUP III
I
lTe!s?eraturecoefficient limits
IThermdl shock and iWrSi On
I

Group IV
t
Inesistanceto soldering bat
~LOW voltage humiditY

I
I

3.6
I

3.9
3.7
3.8
3.9

3.10

3.1,3.4,
3.5, 3.21

3.11
3.12
3.13

3.14
3.15

3.16
3.17

3.18

3.19

Test
method
~aragraph

4.7.2

4.7.5
4.7.3
4.7.4
4.7.5

4.7.6

4.7.7

4.7.8
4.7.9
4.7.10

4.7.11
4.7.12

4.7.13
4.7.14

4.7.15

4.7.16

Number I Number I
of sample I of

“nits to be I defective I
inspected I permitted I

)

)

I

I

6
6
6

18

lB

25

6
irungus ~/ I

1/ Performed as part of the voltage conditioning teSt.
~t Only 79 samples are needed if ceFtifiCatiOn is given fOr fun9us (see 3.19).

)
1
1
1

I

I

I

o I

I

I

1

0 I

9

Source: https://assist.dla.mil -- Downloaded: 2016-11-16T21:55Z
Check the source to verify that this is the current version before use.



I

TABLE V.

I Inspection

! Subgroup 1

Ii’oltageconditioning
~ Inw~5~fln resistance ~1

I Capacitance 1/
I Dissipation f~ctor 1/
I Insulationresistanc~ ~1
I Dielectric withstanding

voltage Al
I

Subgroup 2
I
lVisudl andmscha.ical
I inspection

I

MIL.C-49464

Group A inspection.

I I r
(requirement I Test I AOL (percent defective) I
paragraph I method I and LO (limiting quality ●

1 paragraph I percent defective)

I
I

3.6 4.7.2,
1

3.9 4.7.5
3.7 4.7.3
3.8 4.7.4
3.9 4.7.5

3.10 4,7.61)
I

I
i

3.1,3.4, I 4.7.7
3.5. 3.21 I

I

I

lNot applicable (1OO% sample)

10.65 IAOL), 4.8 (LQ)

~Not applicable [100%,sample)

~/ Pf!rfownedas part of the voltsge condft!onfng tsst.

TABLE !1. Group B inspection.

! Insuectfon i Reaulramant i Test msthod I
I I piragraph I paragraph I
T !
I Subgrwp 1 I I i“

lSolderabflity I I
lBond strength

3.11 4.7.B
3.12 4.7.9

IOIC shear strength I 3.13 4.7.10

I Subgroup 2
/

lTeqeratuw coefficient limitsl 3.14 4.7.11
I I

10
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4.6.1.3.1 Sa lin
*

The sampling plan for $Ubgroup 1 shall be in accordance with MIL.STD-105

a

for special inspectlOn evel S-4. T~ AQL shall be 1.0 percent defective. For subgroup 2, 18 sample
units shall W subjected tO the test: there shall be no failures.

4.6.I.3.z Rajected lots. If an inspection lot is rejected, the supplier may rework it to cOr?eCt
the defects, or screen Out t~ defec;ive units, and resumit for reinspection. Resubmitted lots shall
be inspected USIf19ti9ht@ned lnsP@l On. Such lots shall be separate fran new lots, and shaii be
clearly identified as reinspected lots.

4.6.1.3.3 Disposition of sam$le units. Samp?e unfts which have been subjected to group B
inspection shall not be delivered on the contract OF purchase order.

4.6.2 Perfodic inspection. Periodic inspection shall cons<st of group C inspection. Except where
the results of this inspection show nonccmplimce with the applicable requirements(see 4.6.2.1.3),
delivery of products whfch have passed grouPS A ati B inspections shall not be delayed pending the
results of these periodic Inspections.

4.6.2.I Group C inspection. Group C inspection shall consist of the Wsts spacified in table VII,
in the order shown. Group inspection shall be made on sample units randomly selected from
inspection lots which have passed groups A and B inspections.

j. 4.6.2.1.1 Sampling plan (subgroups 1 through 3 [all FR levels)). Sixty ma sample units of each
temperature coefficient limit shal1 be selected from ths first lot prnd~ed and thereafter frca each

I
production of 500,000 units, or once every 6 months, whichever occurs first.

4.6.2.1.2 Disposition of sanqle units. S6mple units which have been subjected to group C
inspection shall not be delivered on the contract or order.

If a sample fails to pass group C inspection,the manufacturer shall
“&~~2~;3q~_;itY and the cognizant inspectionactivitY of such fail.~ and ~k,
corrective action on the materials or processes, or both. as warranted, and on all units of product
which can be corracted and which uera manufactured under essentially the same materials and Pmesses,
and which am considered subject to the sme failure. Acceptance and shipment of the product sha]1 be

~

discontinued until corrective action, acceptable to the qualifying ectivity has been taken. After the
:crrectiwe acticv!has !!ee!!taken, group C fnso~tton shall be repeated on additional sample units (all
inspection, or the inspection which the orfgfnal sample failed, at tbs option of the qualftylng
activity). Groups A and B inspection may ba reinstituted;however. finel acceptamx and shipmant
shal1 be withheld unti1 tha group C in$pection has shown that the corractive action was successful.
In the event of failure after reinspection, informationconcerning the failura shall be furnished to
the cognizant inspection activity and the qualifying activity.

TABLE VII. Group C inspection.

I

I Inspection
I
i

I Subgroup 1

ilmperatura coefficient limits ~/
Ilhermal shock and immersion

iRes~stanceto soldering heat
ILOISwoltage h-idtty

I r
Requirement
paragraph

3.14
3.15

3.16
3.17

3.18

Test
method
paragraph

4.7.11
4.7.12

4.7.13
4.7.14

4.7.15

Nlmber I N~r I
of sqle I of

units to be I defactives I
inspected I pem!itted I

I [

1
I I

18 1

‘)!

/
1

)

i
18 11

I I
I

i I

25 11 I

I
Subgmw 3

I
iLife

II Need not be repeated if perfqmad on same samples as group B inspection.

11
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4.6.3 ln$jection of packagin$. The sampling and inspection of the preservation, packing, and
contafner m,nrkingshall be in accordance with the requiswmantsof 141L.c.3W28.

4.7 Methods Of inspection.— ●
4.?.1 M.un:fng for testfng. !4henit iS specified in the test procedure that the capacitors shal1

be mounter t eY shall be mOunted on a suitable substrate (e.9.. 99 pertent alumina). The substrate
material shal1 be such that it will nOt be the CaUS@ Of, nOr contribute to, the failure of any test
for tthichit maY be used. The capacitors shall be ~unted on the substrate as fOll~a!

a.

b.

c.

A substrate shal1 be prepared with nwtallized surface land ems. A typical ‘test card- is
shown on figure 1.

The!capacitors to be tested shall each be soldered ta one land area by any convenient method.

Th{!connection to the cmmnon land area shall begin with a theriwsonic ball bond of a one nil
aold wire to the exposed cap.scitor terminal and end with a stitch bond on the ccaanon1and area
if the substrate.

7

~
1.00

‘d

.500 .600
.540

I I I ..- II ---
p==’—j

EOARO THICKNESS. .025 INCHES

Inches
.025
.060
.156
.500
.540
.600
1.000
1.888
2.000

074
1.52
3,96
12.70
13.72
15.24
25.40
47.96
50.80

NOTE!!:
1. IIime.sionsare tn inches.
2. lMatricequivalents J* g{von for general informationonly.
3. The metallfzed land areas of the “test card” selected, to facflitdte the

testfng of the chips. shall be of the pmPer SPaCin9 to acc~ate t~
attaclm’entof the applIcable chips to the card.

FIGORf.1. Typical “test card”.

4.7.1.1 Test rack. when speciff●d, the substrat@ shal1 be.mounted o~ ● test rack which shal1 be so
designed as to pennft readout for ●lactrfcal parmatera at 25 C and 125 C ●nd to manitor ●ach chiP
under test for fallu-. This will fnsura uniform and uninterruptedvoltage and heat stresses.

4.7.2 Voltage conditioning (see 3.6). Twfce the rated voltage shall be applied to thr unit at ths
meximu rated t~erature ●4 c o-c for 100 *4.hours. After c-1 etion of th-?ex oaure period, the

!insulation resistance shall be &asured at 125 C as speciffed in 4.7.5. After al 0Wln9 the unit tO
stebi1ize at roam temperature, ths capacftance, dissipation factor, insulation rasistdnce, and
dielectric withstanding voltage shall be measured as specified in 4.7.3, 4.7.4, 4.7.5, and 4.7.6
respectivey.

●
12
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4.7.3 Capacftmce (see 3.7). Ummounted capacitors WFSll be teSted in accordance with method 305 of

●
MIL-sTO-2~. The following detail and exception shall apply:

a. Test frequency: 1 MHz *5O kliz.

b. Test voltage: 1.0 *0.2 volt lTsS.

NOTE (for classes 2 and 3 characteristicsonly): Following a dielectric withstanding voltage or
insulation resistance test, capacitance may be maasured after holdfng the capacitor for a period of
time not to exceed 24 hours.

4.7.4 Dissipation factor (see 3.8). Dissipation factor shal1 be measured with a brid e or other
suitable equipment at ths frequency and voltage spcsified in 4.7.3. ?The capacitors shal be umnounted.

4.7.5 Insulation resista~e‘[see3.9).Umnounted capacitors shall be tested in accordance with
method 302 of MIL-STO-20Z. The following details shall apply:

PRECAUTIONARY NOTC: Prior to performing this test, capacitors shall be carefully cleaned to remove
any contamination including fingerprints. Care must b+ taken to maintain cleanlim?ss in test
chamber and while making nteasurtuents.

a. Test conditions: Rated voltage as spacified (see 3.1) aDplfed through a series resfstor
sufficient to limit the charging current to a maximum of 50 millimnperes.

b. Special conditions: If a failure occurs at a relative humidity above 50 percent, the
Insulation resistance may be measured again at any relative humidity less than 50 percent.

c. Points of measursmant: Between the temcinatlens.

4.7.6 Oielectrfc withstanding voltage (ses 3.10). Urnountad capacitors shal1 k tested in
accordance with method Wl ot Hii-~ oT70wing details and exceptions shall apply:

a.

b.

c.

d.

e.

Magnftuda and mture of test voltage: 250 percent of rated volt.s9e.

Our.tion of application of test voltage: 2 seconds minisswn.

Points of application of test voltage: Betiasenthe capacitor elament teminal a.

Limiting value of the surge current shall mot exceed 50 *.

Inspection Ifter test: Capacitors shol1 be fnspacted for evfW!ce of d-pa and breakdoun.

4.7.7 Visual and machanfcal inspactlon. Capacitors shall k inspected to verify that the
materials, design, construction, physica~ dimensions, and W’kmanship are in accordsme with the
applicable requircnsenta(sea 3.1, 3.4, 3.5, and 3.21).

4.7.8 So14erability isee 3.11). Capacltors shall be tested in ●ccordaree with method 208 of
MIL-STO-ZtW. The followfng deta{ls tnd ●xceptions shall apply:

a. The temsinals shal1 bs fmsarsed to a dapth of .020 ●.O1O, -.000 !xh [0.51 +0.25. -0.00 ma).

b. Inspections of terssfnations$AS11 ba in accordance wfth 3.11. In case of disputa, the percent
coverage wfth pinholes or rough spots shal1 be deterainad by actual measurement of these
areas, as compared to the totii area.

4.7.9 Bond strength (see 3.12). Capacitors shsl1 be tested at spaciffed in method 2011 if
tVIL-STD-863. following detafls $hal1 apply:

a. Capacitors shall be mountad as specified in 4.7.1.

b. Test condition O.

4.7.10 Oie shear st Capacitors shal1 be mounted as specified in 4.7.1 and tested
as spacffied in mstkod

!3
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4.1,13 ~s+meretu~ cwfficient llmlts (s.2e 3.14). Capacitors shall be tested as specified in 4.7.3
eXCept that the CdPaCltanCe m?asumments $hall ~ made at the steps shown in table VIII and at a
sufficientnumber Of fflte~df ate POfnt$ bgt=n $tePs B and Q Of table VJJI tO establish a true
~haracteri$tiCcurve. The Capacitance value obtafned in step C of table VIII shall be considered as
the reference point. Capacitorsshal1 be kept at each temperatureuntil a temperatureequi1ibrium is

attained. These measurements need be perfo~ed onlY OR capacitors hevfng a vaIue of 10 pi or
greater. (capacitorsof less than 10 PF shall be characterized as having the same temperature
coefficient1imits as those of 10 PF or more manufactured in tk same lot.

TABLE vIII. Temperature coefficient limft cycle.

7 1 i i
Step I VOltege I T4eratura I

I volts, dc “c
/

I

1A I None ●2S *2 I
I I I
le. f #one .s5 ●.2 /

I
I C (referance) I None +25 *2 I
I I I I
10 i None ●125 +4

4.7.12 Thenasl shock and Imners{on (see 3.15).

4.7.12.1 Thermal shock. Capacitors shall be tested in accordancewith method 107 of HIL-STO-202.
The followlng details shall apply:

a. Tf!stcondition A, ●xcept that in step 3, sanple units shall be tested At 125-C.

b. Ntnfmum tires(for steps 1 and 3) shall be 1/4 hour.

c. W?asuremsnts before and after cycling: not applicable.

4.7.12.2 Inmwrsion. Following thetmal shock, capacitors shall be tested in accordancewith method ‘o

104 of MIL-S~The following detail and exception shall apply: ,,

a. Test condition B.

b. ;sssections and measu-nts after final cycle: Capacitors shall meet the requirtmsntsof

4.7.13 Resistamceto soldering hat (see 3.161. Capacitors shall be mounted as specified in 4.7.1
and testad in accordance with methed Z1O of nIL-$To-202,test Condition C. Capacitors shall bs
allowed to cool 10 minutes minimum and UP to Z4 hours msximsn prior te measurement. After mounting,
capacitors shsll meet the requirements of 3.16.

4.7.14 Lcw voltage humidity (see 3.17). Capacitors shall bs mounted as specifiedin 4.7.1 and
4.7.1.1 d placed fn ● test chsmba ~“c .2”[ ●“d 8$~~ent *5 pe~ent !.elat!Yeh~idity fOr Z40
hours. Wring the enttre test, a b~a~ voltage of 1.5 volts dc ●1O perrent till be applied to the
capacitors.

4.7.15 Life (at 125”C) (see 3.18). Cap#citore shsll be tested in #CCordaIKe With mCthOd 102 of
MIL-STO-202. following details and exceptions shall ●pply:

a.

b.

c.

d.

Capacitors shall be mounted as speciffed in 4.7.1 and 4.7.1.1.

l~estteaper.stureand tolera~e: 125°C *4”C. -O”C.

Operating conditions: Capacitors shall be subjectedto21W percent of rated voltsge (see
:3.1). The surge current shal1 not●xceed 50 *. when necesswy, a suitablecurrent-lfmiting
resistor shall be fnserted into the circuft.

Test condition F (2,000 hours).

14
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Measurements during and after exposure: After.1,000 hours and at the coxlusfon of this test
and while the capacitors are still held at 125 C, insulation resistance shall be measured as
specified in 4.7.5. The capacitors shall then be returned to the inspectionconditions
specified in 4.3 and shdlI be visually inspected for cvidense of mechanical damage;
capacitance, dissipation factor, and insulation nsistance shall be measured as specified in
4.1.3, 4.7.4, and 4.7.5, respactive)y.

Final measurement: Capacitors shall mtet the requlramentsof 3.18.

4.7.16 Fungus, when applicable (see 3.19). Capacitors shall be tested in accordancewith method
506 of HIL39-81O.

5. PACKAGING

5.1 Packaging requirements. The rtquimments for packaging shall be in accordancewith f41L-C-35U28.

6. NOTES

6.1 Intended use. Single Plati ceramic capacitors are intended for stripltne or mlcmstrip
aPPliCations, usually at frequewles of 1 GNz and htgfhsr.

6.2 Ordering data. Acquisition documents should specify the following:

a. Title, manber, and date Of this specification.

b. Title, nunber, and date of the applicable specificationsheet, and the ccanpletepart nunber
[see 3.1 and 1.2.1).

6.3 Qualification. With respect to products requiring qualification,awards will be made only for
products which are, at the time set for opening of bfds, qualified for fnsluslon in Qualified Products
List (OPL 49464), whether or not such products have actually bean so listed by that date. The
attention of the contractors is called to these require=nts. and M-snUfaCtUWS are uwed to arran9e
to have ths products that they propose to offer to the Federal Govemaant tested for qualffication in
order that they ●ay be eliglble to b+ ●warded contracts or purshase orders for the products covered by
:**: ..-+ f{,.,fa”-.--,.--------- The activity raspc.nsiblefor ths Ouallfied Products List is the US Amy
Laboratory Conamcnd,ATTN: SLCET-R-S, Fort YWsnOuth, New Jersey 07703-5S92; however infos’matlon
pertaining to qualificationof products may be obtained fram Oefense ElectrunfcsSWPIY Center
[OESC-E), 1507 Mllmington Pike, Oa.yton,Ohio 46444.

6.4 Miscellaneous notes.

6.4.1 Ambient operatl
dtelectrfc constant wfth

w conditiens. Oeslgners am cautionad to give considerationto the change in
~erature, shelf aging, and ●lactric-fieldintensity, and should msognize

that the Insulation msistawe my VaIY with huaidity and organic contaminationof the ceramic chip
surfaces. Care should be taken to assure that the capacltars am properly iti the.roughly cleaned of
organic Contamlnatton especially befow the insulation resistance teat.

6.4.2 Barcmatric pressure test. These units are not subject to the bsrumatricpressure teat sinCe
the likelihood of thefr failure {S mwta.

6.5 Subject term (key word) Ilstfng.

capacitor
Ceramic dielectric
Chip
Mfcrostrfp
Parallel plate
Single layer
StriDlfna

15
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6.6 &stitut.abilitY by failure rate levels. $ubstftunability for failure rate levels shall be as
follows:

~ailure rate level Hil1 replace failure rate level

s R, P, M ‘i

R P, t’!
P M
M

6.7 ~mti tutability by capacitance tolerance. Substitutabilityfor capacitance tolerance shal1 be
as follow$:

@perature coefficient Capacitance tolerance Mill replace capacitance tolerance

E
F
G
H

J
K
L
M
N
P
R

x
v )

P
A

<5PF B
c
D
F

~5PF G
J
K

<1OPPC
D

G
zIDPF J

K
M

<1OPF c
u

J
K
M

A, B, L, D
B, c, o
C, D
D

G. J, X
J, K
K

D

J, K, M
X. M
n

o

K, M
H

K, M
M

z

v, z
z
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APPENDIX

p

1

PROCEOURE FOR @JALIFICATION INsPECTION

10. SCOPE

10.1 Sco e.
+

This appendix details the procedure for submission of samples,with related data, for
qualificat on inspection of capacitors covered by this spetfflcation. The prrriedurefor extanding
qualificationof the required sqle to othar capacitors covend by this specificationis also
outlined herein. This appendfx is a mandato!y part of the specification. The infonsationcontained
herein 1s intended for ccapliame.

20. APPLICABLE OOCUMENTS. This section Is not applicable to this appendtx.

30. SUBMISSION

A sample of 85 units consisting of the scoellestand largest case sizes, highest
e in each voltage rating, in ●ach rated te!Weraturecoefficient limits for which

qualifiCatiOn fs sought, shell be sutuiftted(see tsble IX).

30.2 Test date. Mhen inspectionsand tests are to be perfomed at a Govermnent laboratory,prior
to sutenission, afl simple units shal1 be subjacted to all of tlm inspectionsand tasts indicatedas
nondestmctl= in table VI. Each submission shal1 bs acc~anied by the test dats obtsfned fIW these
inspections and tests. The performance of the destructfve tests by the supplier on a duplicate set of
W@le UnitS iS encouraged, although not reqd red. All test data shsll be suhitted in duplicate.

30.3 Certification of material. Uhen subnitting sawles for qualificatlon, the contractor shal1
submit certification, in duplicate, that the meterials used in ths cwoments an in accordancewith
the applicable specification requirements.

30.4 Oescriptfon of items. The supplier shall subit a detailed descriptionof the capacitors
being submftted for inspection, fncludfng body, ●lbctrode material, tensfnals,etc.

40. EXTENT OF OUALIFICATIM

40.1 (@alific.stionofvoltageratiW. Voltsge rating qsalificstlonwill be restrictedto those
submitted. Each t~eratum Coefficient limit shall be @alif fed at the highest standard capacitmce
value 1isted.

Style

CPCRO1
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

TALUE IX. Cmbined submission.

I I r
Pal-tnueber I Number of unfts ~ Rated voltage ~
N49464

r r
EoSAO07Pl
F01M06PN
wLAooSfW
H02AWPN
J03A@38CN
KOL.OWCN
L02AO09C4
1403Aoom
N02A012CN
P01A015CN
R02A021CN
T03A029CN
uolAo37cN
V02AL131CN
U03A039CN
X01A047JN
V01A049JM
zolAo61!m

85
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

I

I

I

50.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
..

I

.i
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MIL-C-49464

APPENDIX

TABLE IX. Cmbi ned submlssion - Continued.

Part number
N49464

EolJo35m
F01J037JN
G01J051JN
H01J045JN
J01J047JN
K01J04WN
L01J051JN
N01J053JN
N01J057JN
P01J061JN
R01J064JN
T01J06E.JN
U01J07WN
VOIJOWJN
U01J072JN
X01J072JN
Y01J072JN
Z01J0723WI
E01A07S9N
FOLA07E?N
G01A061PN
H01A075W
JoIAoKICN
KOLA060CN
LOLA081CN
N01A081CN
NOlR084CN
wiAi36Xii
Rowt93CN
TOLA1O1CN
UO1A1OBX
VOLA1O?LN
NOIA1llCN
XOIAllSZN
Y02A12LJN
ZOM13341
EOIJlllJII
Fo1J1O9JN
G01J123JN
HOIJ117JN
JOIJ1lSIN
KOIJ121JN
L01J12?JN
M31J1zWN
NOIJ12UJN
Pole133JM
R01J137JN
T01J141JN
u01J1481N
V01J145JN
wOIJ152JN
XOIJ155JN
Y01J155.3N
Z02A15MI

I
Nusber of units I Rated voltage
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